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Attorney Docket No. 83723

BUOYANT DEVICE FOR BI-DIRECTIONAL ACOUSTO-OPTIC

SIGNAL TRANSFER ACROSS THE AIR-WATER INTERFACE

STATEMENT .OF GOVERNMENT INTEREST
' The invention described herein may be manufactured and used
by or for the Government of the United States of America for
governmental purposes without the payment of anyvroyalties’

thereon or therefor.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to an.imprcvement“for
communlcatlng across the air- water interface. More particularly,
the 1nwentlon relates to a cost- effectlve buoy system respon31vev
to in-air laser beams and underwater acoustic transducers
rece1v1ng and transmlttlng acoustic s1gnals for bi- dlrectlonal
transfer of 1nformat10n between in-air and underwater
environments.

(2) Description of the Prior Art

" Effective bi-directional transfer of infcrmaticn between in—
air and underwater platforms has been long sought since such a
capablllty would increase the autonomy and flexibility of .

subsurface, surface, and air vehicles engaged in undersea
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warfare. However, signal transfér by_cbntemporary communications
systems has beén éomplicated by the fact that efficient in-air
signal pfopagation is accompliéhed through radio frequency (RF)
transmissions while acoustic pressure waves are the most
efficient means underwater.. Unfortunately, RF signalé do not
penetrate or propagate well in watér, and underwater geﬁerated
écoustic signais do not readily penetrate into the air
enﬁironment..Optical signals, such as iaser beams can operate in
both air and water environments; however, their depth range in
water is limited.by water ¢1arity (signal attenuatioh) to
typically within one hundred meters or less.

Consequently,vthe primary method of underwater sonar‘and
communications relies on acoustic signél generation and
propagation throdgh the water using submeréed acoustic
tranSmiséibn hardware. |

The generétion of underwater sound from an aerial platform
therefore poses a challenge. Active surface ship sonar and aerial
dipping sonar devices such as disclosed in U.S. Patent No. |
5,856,954 could be used for this purpése at the risk of the
transmitting platform giving away its position.

Optical signals from lasers have been found to propagate
well in air (depending on environmental conditions such as fog'or
rain) aﬁd aré’mofe covert thén RF traﬁémiééibns duevto'their‘

confined beam width, and an opto-acoustic communication system

has been.developed that takes advantage of this. The opto-
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acoustic system (technique) provides a method for transmitting an

acoustic waveform from an in- air platform into the water via

conversion of optical energy at and/or slightly below the air-

water interface. In the linear regime of opto-acoustics, a laser

‘beam incident at the boundary is exponentially attenuated by the

medium thus producing local temperature fluctuations that give
rise to volume expansion and contraction. The volume fluctuations
in turn generate a propagating pressure wave. The effect of the

medium's attenuation on the laser light is to produce an array-

like structure of thermo-acoustic sources that generate modulated

pressure waves at the laser ampiitude and modulation frequency of

the modulating laser signals. In the non-linear regime of opto-

: acéustics,.the types of physical phenomena that,are produced are

based on optical energy denSity and intensity cbnsideratiqns,

Broadband acoustic transients with considerable acoustic energy

are created in the water. The laser pulse repetition rate can
also be used to transmit selected acoustic: frequencies for sonar, .
command and control, and cbmmunications purposes. For eiémpie,
this approach can éontrol steering of unmanned uﬁderwaterx
vehicles (UUVs) and torpedoes.

A level of covertness and safety can be obtained using an
opto—écouStic system that has been devised to remotely generate
ﬁndefwater acoustic signalé. Sound Pressure'LeVéls (SPL);df.up to

200_dB//uPa have been achieved by directing a focused, high-

powered, infrared, pulsed laser beam onto the water surface. The
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‘effect of the high energy/intensity laser incident at the water's

surface is to prdduce a change in the phase of the water medium

from water to vapor and/or plasma producing an explosive, thermo-

racoustic source that generates modulated pressure waves at the

laser amplitud¢~and modulation frequency of the modulating laser
signals. The remote nature of the aérial source insures that the
source of the underwater acoustic transmission remains unknown to
underwater platforms. Likewise, the in-air optical signal used’
for generating an underwater acoustic signal remains covert to
in-air platforﬁs. This method provides a means for rémote; aerial
genefation of underwater sound, breaching the airfwater
interface.

However, the opto-acoustic fechniqﬁe'requires highéﬁower
puised lasers énd focusing oﬁticé for'éffiéient cohversioﬁ éf
optical to thermo-acoustic energy. Also, thé performance of the
6ptd—a¢oustic conversion ié‘affected by the dbliquéblaser
incidence angle at the air—water boundary, sea state roughness,
and by in-water impurities.

Due to the large acoustic impedance mismatch between the air
and water environments, underwater acoustic signals do not
significantly penetrate into the air. Traditionaliy,.uﬁderwatef
acoustic sonar requires in-water hardware for acoustic gignal -
generation and rédéption. This élone'makes‘if’difficult-to

acoustically communicate across the air-water interface between

underwater platforms such as UUVs and submarines and surface
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platforms‘from Ships, unmahned aerial vehicles (UAVS),_aircraft,
groﬁnd baéed platforms and satellites. Thus, buoys were designea'
to receiVe underwéter acoustic signals via underwater propagation
or propagation through a direct tethered link énd then reradiate
the information as Radio Frequency (RF) signals into thé éif for

subsequent detection by land or aip-based platforms, see for

‘example U.S. Patents Nos. 6,058,071 and 5,592,156. Typically, RF

signals broadcast to a large area for data reception. This is

‘advantageous in that RF signals can be detected at great

distances and rélayed through satellites.'H6wever, the process is
1ess‘covert and can lead to unwanted signal interceﬁtion.

An élternative,:the laser Doppler vibroﬁeter (LDV) detection
method had'been devised:to detéct_underwater écégstic signéls by
diréCtIy probing the water surface'wifh a laser beam. This method
is used fqr»detecting aéoustic signals by measuring velocity |
pertﬁrbations (vibratibﬁs)(derived'from the sound préssﬁre at the
surface'of the water, and this capability may be applied to
ﬁplink communiéations between underwater and in—air platforms as
well as aerial detection‘of any underwater sound for applications

including marine mammal detection and tracking, and defense of -

surface ships from wake homing torpédoes. The LDV provides a

means for covert and remote, aerial detection of underwater
sound, breaching the air-water interface.

However, applying a commercial LDV involves obtaining narrow'

beam laser returns from the specularly reflecting water surface.
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Initial tests on hydrodynamic surfaces indicate that signal
dropout occurs'due‘to optical reflections arriving 6gtside of the
optical detector's sensing.areé. Signal information is thérefore
lost intermittently and randomly;“which is a detriment especially
for communications applicatioﬁs. Irrespective of the performance

of the LDV-based sensor improves with higher optical

reflectivity, the air-water interface reflects only approximatély

2% of the incident laser radiation and therefore limits the
efficiency of ﬁhis application of LDV sensors.

. Thus, in accordance with this inventive concept, a need haé
been recognized in the state of the art for a_buoyant device that
enables optically controlléd, bi-directional transfef of

underwater sound between in-air and underwater environments that

‘assures covert in-air operations using spatially confined, low--

powered laser beams for triggering underwater transmission and

vfor‘optically detecting the underwater sound.

SUMMARY OF THE INVENTION
The first object of the invention is to providé_a buoyv
device for covertly, optically contfolling, bi-directional
transfer of underwater sound and optical laser signals between

in-air and underwater environments.

Another object of the invention is to provide a buoy system

for both translating in-air optical signals to underwater

‘ ' i ‘ » . . . . . ) .
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optical signals transmitted through air for remote, optical

reception.

- Another object is to provide a éost—effective buoy to
remotely generate underwaﬁer sound of known spectral content,
amplitude, and phase and enhance aerial, optical detection of the
underwater sound.

Andther object is torprévide'a buoy using SPatially
confined, low—powéred iasef beams for triggering underwater
transmission and optical detection of underwater sound.

Another object is to provide a buoy system using in-air
laser beams and underwatervécoustic transducers for bi—

directional transfer of information between in-air and underwater

_environments.-

Another object is to provide a buoy system using in-air

laser beams and underwater acoustic transducers for bi-

directional transfer of information between in-air and underwater

environments for uplink and downlink communications and control
of vehicles such as UUVs and torpedoes across the air-water
interface.

Another object is‘to provide a buoy system using in-air

laser beams and underwater acoustic transducers for bi-

"~ directional transfer of information between in-air and underwater

environments that reduces laser power requirements and the

difficulties associated with direct opto-acoustic conversion




while maintaining in-air covert operation and remote access to

2 the transmitting buoy.
3 Another object is to provide a buoy system enhanéing"thé
4 optical reflectivity and sensitivity for the acousto-optic (LDV-
5 based) sensing technique while maintaining covert aﬁd remote,
6 aerial access of underwater acoustic signal informétion.
7 ‘.Another object is to prbvide a buoy operating in an active
8 mode by accepting a low-power laser beam delivering a-sighal
9 through the air from a remote source to activate the buoy's
10 underwater'adoustic transmitter.
11 ' Another object is to provide a buoy operating in the ‘passive
12 ’mode to detecf underwater sound with underwater acoustic
13 fransdﬁﬁers and>tfahslaté_the deteéted»soundiinto amplified
14 vibrétions that are ﬁrobed’by laser signals from é rémdte LDV
15 sensor to_ailow retrieval of the detected underWatertsound.
16 These énd othér objects of the inventién will become more
17 readily apparent from the ensuing specification when taken ir
18 conjunction with the appended claims.
19 ~Accordingly, the present invention is for a buoy system for
20 bi?directionalAcommunications in-air and underwater. A hoilow
21 shell of a buoy floating on water has an upper portion in air
22 above the surface of water and a lower.pbrtion below the surface
23 of fhé Waﬁer. An array of acoustié transducers is diééosed in the
24 iowef portion for receiving acoustic signals and‘for_tranémitting
25

acoustic signals through the water. A dome-shaped retro-
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reflective‘cdating on the uppef portion is vibrated in éccordanqe
With acéustic 6r other gathered information bearing data signals
for retro—reflécting impinging laser illumination signals through
air and conveying the acoustic and other information bearing data
signals as retro-reflected data signals in air. The retro-
reflective coating.is controlled to vibrate in response to
impinging laser control signals through air and an érray 6f
photo-detectors on the upper portion of the buoy are réspbnsive
to the‘impinging laser control and information signals. A
control/memon/GPS module and acoustic prbceséing—electronics
section in the shell receiVes activation signals from the ‘retro-
reflective coating and photo—detector array and couples received
acouétiq signals from the transducer»afray‘and_from'memory as
data signals to thé retro-reflective coating. An array of
electro-mechanical Qibration shakers inside of and against the
upper portion of the shell is driven by’the optic—processiﬁg
module for vibrating the retro-reflective coating, and én aﬁnular
array of accelerometers is connected to the optic—prbcessing
modﬁle ﬁo monitor‘vibratory motion of the retro-reflective
coating. Transducer elements are iﬁterspersed wiﬁh the vibration

shaker array under the dome-shaped retro-reflective coating. The

‘transducer elements are connected to the optic processing module

for genérating‘signals.repreSentative of the impinging laser

control and information signals. The representative generated

signals from the transducer elements are coupled to the
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control/ﬁemory/GPS module to initiate retrieval of the
information of'reéeived acoustic éignals'from.the transduder
arréy and memory in the control/memory/GPS module. A‘
transmit/receive switchvis connected to the control/memory/GPS
module, acoustic processing-electronics section, and the
transducer array to selectively enable operation of the |
transducer array in the passive mode and the acti&e mode. A
remote platform has atileast one laser onboard for transmitting
the impinging laser illumination signals and impinging laser
controllsignals through the air. The remote platform also has a
laser Doppler vibrometer—baéed sensor resbonsive to recéive the

data signals as the retro-reflected data signals through the air.

BRIEF DESCRIPTION OF THE DRAWINGS

'A more:complete understanding of the invention and mény of
the attendant advahtageé thereto will be’readily appfeCiated aé
the same becomes better understood by reference to the foliowing
detéiled descfiption when considered in conjunction with the
aqcompanying drawings wherein like reference numerals refer to
like parts and wherein:

The figure is a schematic cross-sectional représentation of
the buoy‘system of the invenﬁion_for coVertly bi-directionally
transléting iﬁ;air'opticaliéignéls énd ﬁnderwater acoustic

signals.

10
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referrlng to the figure, buoy system 10 of the invention has
a buoy 10A operationally deployed as it floats on water 2. Buoy
10A has a hermetically sealed metal euter shell 12 te assure that
an upwardly extending dry-side portion 14 projects upward;y above
waterline 3 into surrounding air 5 and a iower wet-side portion
16 extends into watef 2. Metal outer shell 12 could be a |
flexible, inflatable structure that may resist radar‘reflections
for further covertness. Buoy 10A has a centrally located power
supply 17 for Supplying electrical poWer to all its compoﬁents to

be described that need electrical power, and suitable ballast

'chambers 18 are schematically shown for maintaining buoyahey and

proper vertical orientation. Power supply 17 is'ﬁost likely to be

batteries, but-solar,energy receptor/converters might be used as

well as a converter of kinetic energy from ocean waves. An anchor

line 19 can be connected to lower pbrtion 16 and extend to an

anchor (not shown) on the bottom when mooring is desirable.

Lower portion 16 has a nearly hemispherically-disposed array
of acoustic transducers 20 inside of shell 12 of lower portion
16. Lower portion 16 also has a protective acoustically

transparent cover 21 to allow bi-directional transfer of acoustic

~energy signals,22, 24 by transducer array 20. That is, transducer

"array 20 covered by protective, acéﬁsticallY'transparent cover 21

is capable of both detection of impinging acoustic signals_zz and

transmission of projected acoustic signals 24. The bi-directional

11



transfer of signalé 22, 24 is controlled by transmit/receive

2 .switch 26 connected to transducer array 20. Switch 26 can control
3 transducer array 20 to operate in the passive mode and receive
4 impinging acoustic signals_22 from distant signal sources of
5 intefest through‘water hedium 2, or operate in the active mode to
6 transmit acoustic signals 24 through water medium 2. Acoustic
7 processing-electronics section 30 and cohtrol/memorY/GPS module
8 40 in upper portion 14 are connected to operate transmit/receive
‘9  switch 24 and’trénsdﬁcer array 20.
10 Upper portion 14 has an annular array of photo-detectors 50
11 on shell 12 exposed through small transparent sealed windows 12A
12 in sheil 12 to»receivé remote optical signalé.tranémitted throﬁgh
13 aif 5 ahd connect éctivatioh,sigpéis to.én'opticfprocessing
‘14 module 60. Optiéal processing mbdulé 60 also is conneéted to
15 control/mémory/GPS module 40 and an array of eleCtro-medhanical
16 vibratioh shakeré‘70'that exteﬁd around and down the inside of'
17 upper portion 14 of shell 12. Electro-mechanical &ibration
18 shakers 70 are driven by optic-processing module 60 to |
19 responsively vibrate a dome-shaped retro—reflective coating 80.on.
20 upper portion 14, and an annular array of accelerometers 90 is
21 connected to.optic-processing module 60 to aliow monitoring of
22 the ﬁibratory motion of retro—reflective coating 80. |
‘23 Low;pOWer’lééér beéms (éhdwn as'arrgﬁs 6A) can be‘
24 transmitted from a remote laser sourcé 6 dh a rémoté'platfor@ 8
25 of buoy_systém.lo, such as an aircréft or 1and—based platform.

12




Laser beams 6A are directed at buoy 10 A where they can be

2 detécted by photOAdéteétor array 50 on‘uppér portion 14 of buoy
3 10A. Since photo-detector array 50 annularly extends about sheil
4 12, it can receive'and capture the control and other information
5 .of laser béam 6A from all directions éround shell 12 and couple
6 it to optical processing electronics module 60. Optical
7 proéessing electronics module 60 inside upper portioh 14
8 generates signals representativé of activation signals frqm laser
9 signals 6A for.operation of buoy sysﬁem 10. These activation
10 signals can be representativevof control commands and/or
11 information of laser signals 6A such as to control transducer
12 array 20 to receive acoustic'éignals 22 or trénsmit the
13 infofmétion of'léser beam 6A as acoustic signals 24 into ﬁater 2.
'14 Laser beam siénals_GA could also be used for other chtrol of
15 components of buoy 10A. Thus, since laser beam 6A ié'narrow and
16 does not “spill-over” to bther areas and be intercepted, laser
17 beam 6A can bé;used for covert remote control or activatiOn.of
18 transducer array 20.
19 When the buoy 10A is deployed on water 2, transducer array
20 20 ié submerged and outwardly facing in water 2 fbr éfficient
21 - acoustic reception’and transmission of the underwater sound
22 ‘signals 22,'24. Transducer array 20 of buoy system‘io can be
23 SWitched‘bétween active (projectioﬁ)‘and passive (detection) 
24 modes in response to remote control signals of beam 6A via
25 transmiﬁ/receive switch 26; The transmit/receive switch 26

13
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receives appropriate signalsvrepresentative of laser eignals 6A
from interconnected electronics module 60 ﬁia_cohtfol/memoiy/GPS
module 40 and the ecoustic'processing—electronics section 30.
Contfol/memory/GPS module 40 of buoy 10A has an internal ﬁemory
stOragebsuch that acoustic signals cen be collected, stored, and
then delivered into the water 2 at a precise time'(er delay) as
designated by remotely originating optical command signals 6A.
Memory of module 40 can also store the information of laser beam

signals 6A for later acoustic transmission by transducer array 20

‘after a predetermined delay or when a subsequent laser signal 6A

controls such transmission. In addition, control/memory/GPS
module 40 has Global Positioning System (GPS) for covert

identification of buoy position by host plaﬁform (femote platform

8). GPS is located in Control/memory/GPS module 40 and is

appropriately connected to an antenna 41 on shell 12Ato receive

GPS poofdinates aﬁd, optionally; to relay the position of buoy .

10A to remote platform 8. A capability for_electromagnetically

transmitting the location of buoy system 10 to host platform 8
via antenna 41 may also be included; however, sﬁch transmissions
mayxbe more susceptible to unwanted interception. This‘relay of
infofmatien might also be done b& appropriate coded vibraéions of
retro-reflective coating 70 after an interrogetion command for
the buoyis location has been reeeived at‘buoy_le via'laser

signal 6A or by laser signal 7A.

14
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The eCOustie'processing-electrdnics section 30 Qf buoy 10A
is interﬁally connected to receive acoﬁstic signais from acoustic
transducers zo;end photo-detector array 50 via optic processing- -
eiectronics module 60 and control/memory/GPS receiver module 40.
This information is to be used for deciphering remote control
signels optically detected by photo-detector array 50, and for
processing passive acousto-optic signals and active opﬁq-ecoustic
signal informaeion for responsive operation of buoy 10A.

'Buoy 10A also can be remotely contfolled to detect impinging
acoustic signals 22 through water 2 in a passive mode by |
underwater acoustic transducers 20. Signals represeﬁtative of
monitored acoustic signals 22 can be stored into system memory_in
control/memory/GPS module 40 or can be‘transferred immediately
for responsive oberation of other components of buoy. system 10_55
dietated by remote control commandsvin laser beam 6A. Immediate

transfer of data is accomplished by translating the

representative signals of the detected acoustic Signals 22 into

representative amplified vibrations of dome-shaped fetro—
reflective coating 80. The vibrafions of retro-reflective coating
80 are excited by electro-mechanical vibration sheker afray 70
that has its aggregate vibrating surface coupled to_the inner
side of upper‘portion 14 of metal shell 12.

An external, low-power laser Doppler vibrometef?based

sensor 9 on remote platform 8,wou1d then probe retrojrefleCtive

25

coating 80 on upper portion 14 of shell 12. This is done by

15
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~ transmitting a low-power illuminating beam 7A from laser 7 on

platform 8 to impinge upon the now-vibrating retfo-reflective
coating 80 on'éhell 12, and then sensing a retro-reflected laser
beam‘portion 7B of illuminating laser beam 7A in system 9 on
platform 8. That is, reflected portion 7B would be retro-
reflected from retro-reflective coating 80 to 1aser Doppler
vibrbmeter—based sensor 9, and the information content of the
vibrations of retro-reflective coating 80 would be in reflected
portions 7Blto‘rem6tely retrieve the detected under&ater sound.of
signals 22 at platform 8. Vibrometer-based sensor 9 could be a
Model OFV-353 Doppler vibrometer developed and marketed by

Polytec PI of 23 Midstate Drive, Auburn, MA 01501, Polytec PI,

for example.

 The térm‘illuminating as used herein is not intended to mean

~that laser beam 7A or reflected portion 7B is necessarily_visible‘

to the éyé, but it can be in a variety of different wavelengths

emitted by lasers to achieve the desired vibrations of retro- _

reflective coating 80 and retro-reflections as discussed hereir.
In addition the mere receipt'of illuminating laser beam 7A at
photo—detector‘array 50 may be used to control or triggerlthe
activation of vibration shéker'array 70 tb vibrate retro-
reflective coating 80 and create retro—reflectéd signals 7B.
Thé information.content of the reflected signalsA7Bisensed

by-sensor 9 is'enhanced‘by buoy 10A of the invention in

comparison to the quality of the sensed signals of the acousto-

16




optic sensing technique using high-power laser energy as

diseussed in the prior art technique in the Background supra.

25

2

3 Retro—reflective COating 80 on shell 12 of buoy 10A provides an
4 ‘enhanced in-air optical-refleotion for subsequent signal

5 acquisition by the external, remote, laser vibrometer sensor 9 on

6 - remote platform 8. Buoy 10A of the invention enhances the:infair

7 detection performance»ofvexternal sensor 9 with respect to

8 increasing sensitivity of acoustic detection and maintains a high

9 probablllty of reflection for reduced signal dropout This

10 enhanced capablllty is achleved with relatively 1ow power

11 illuminating laser signals 7A in buoy system 10 asmcompared to
12 the technique.of the prior art.
13 Buop,loA can operate in an active mode when 1ow{poWer laser
14 heam GA is transmitted through air 5‘from laser 6 on remote

15 platform 8 to buoy 10A for controlling or activating transducer
16 -array 2Q'to transmit acoustic signals 24‘and receive'reflected
17 acoustic signals 22. Photo detector array 50 is open through

18 transparent windows 12A to air environment 5 to receive laser
19 beam‘signals 6A and generate activation signals for optic’

20 »processing—electronics module 60 that processes the optical

21 signal and responsively activates transducer array 20 via

22 control/memory/GPS recelver module 40. In response to remote

23 . oommand signals 6A, buoy system 10 prov1des opto acoustic

24

transductlon remotely and covertly at low cost for easier and

more effective implementation of a laser-based aerial

17




transmission of what w111 be underwater sound The . 1nformation of

2 laser beam s1gna1 6A is transmitted at suff1c1ent low- power from

3 - platform 8 to get to and control operations of buoy system 10.

4 This feature eliminates any need for airborne highep0wer lasers

5 for thermo-acoustic interaction at the water’s surface.

6 Since the upper portion 14 of shell 12 has dome- shaped

7 retro-reflective coating 80 exposed to and positioned in air

8 environment 5, buoy 10A also may be optically probed‘byt

9 illuminating laser beam 7A from a laser 7 on platform 8 to

10 acquire underwater acoustic information 22 that is being and has
11  been acquired by transducer array 20 and stored in

12 control/memory/GPS'module 40. The optical energy of'narrow low-
13 power iiluminating'laser beam 7A_can cause vibrations of retro;
14 .reflective coating 80 thatkare'transmitted‘through metal shell 12'
15 and to transducer elements 75 that are interspersed_with

16 individuaIZShakers of.vibration shaker array 70 under dome-shaped
17 retro-reflective coating 80. Transducer elements 75 could be

18 piezoelectric chips connected to optical processing module 60

19 that generate activation gignals representative of the

20 information (that could be control signals) of impinging laser
21 beams 7A. The representative activation signals are coupled to-
.22 control/memory/GPS module 40 and may 1nitiate the retrieval of
23 the information of received acoustic 51gna1s 22 that has been

24 stored in module 40 or being currently received by transducer

18




array 20. This control by beam 7A can be in place of control by

lasef beam 6A if desired;
3 The information of received acoustic signals 22 will be
4 retrieved byioptical processing-electronica module 60 from
5 control/memory/GPS module 40 and coupled to vibration shaker
6 array 90. Vibranion shaker array 70 generateé vibrations of upper
7 portion 14 of shell 12 and retro-reflective coating 80 that are
8 representative of the received acoustic signals 22.
‘9 Since ret;o—refleCtive coating 80 is matched to wavelengths
10 of emissions from remote platform 8, it can retro-reflect laser
11  beam pnrtions 7B of illuminating laser beam 7A that»impinge on
12 it. Consequently, the representative vibrations qf retro-
13 reflecti&e_coating 80 respnnsively modulate reflected por;ions 7B
14 which are received by vibrometer4based sensor 9 which can?
15 determine the infqrmaéion-content of portions 7B. The retro-
16 reflected partions 7B thnsiy can carry the information of
17 préaently acquired acoustic signals 22, or any other stored
18 information in'controi/memory/GPS module 40.
19 Thus, retro-reflective coating 80 provides a mechanical
20 means of maintaining the optical reflectivity and enhancing
21 acousto-optic sensitivity for the remote LDV sensing technique;
22 These capabilities»improve sensor performance while maintaining
23 covert and remote information access. The buqy'sinigh
24 reflecﬁiviﬁy enhances the LDV sensor's optical data'receptidn for
25 .

continuous data acqﬁisition to reduce the signal dropout which
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otherwise occurs with surface wave interaction with the high-

- power interrogating laser beam of the prior art.

Optical. processing of data in buoy‘system 10 cah be done by
electronic components of_buoy system 10 for operation in the
passive mdde.-ﬁuoy systeﬁ 10 can process détected acoustic
signals 22 and convert them to responsive amplified,vibrations of
the upper portidn 14 of buoy shell 12 and retro-reflective
coating 80.vOptic’processing4e1ectroﬁics module 60 has a means
for aéquisition and amplificatioﬁ.of acoustic signals 22 from
transducer array 20 via control/memory/GPS receiver module 40.
Control module 40 will interpret optically received control
siéhals 6A ffom photo-detector array 40, control the activation
of optic procéssing moaule 60 and acoustic pfécessing electronics

section 30, provide memory storage capability within it, comtain

a GPS receiver capability within it, control theﬁactivation of

transmit/receive switch 26 and operational mode of transducer

array 20. Detected signals 22 can be amplified by acoustic

18
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23

24

25

processing-electronics section 30 and sent to.optical processing

"module 60 and coupled to vibration shaker array 70 for generating

‘vibrations of upper portion 14 and retro-reflective éoating 80 on

shell that are representative of detected underwater acoustic
signals .22 that can be retrieved by remote_platfbrm 8 when a
narrow-beam interrogation signal 7A impinges ori retro-reflective

coating 80. Whenever retro-reflective coating 80 is activated to

transmit information, annular accelerometer array 90 on buoy

20 .




shell 12 can monitor vibrations imparted by vibration shaker

‘array 70 to assure the accuracy and validity of information of

2
3 optically transmitted (retro-reflected) beam 7B when a comparison
4 is made in optic processing module 60 to the intended vibrations
5 of retro-reflective coating 80.
6 Optical'processing of data in buoy system 10 can be done by
7 buey system 16 for operation in the active mode. Buoy system 10
8 can proeess detected optiCal signals 6A and convert them to an
9 amplrfied underwater acoustic transmission signal 24. Optical
10 processing-electronice module 60 is coupled'to photo-detector
11 array 50 to acquire 31gnal 6A. Detected signal 6A is passed to
12 control/memory/GPS module 40 and fed to acoustic process1ng
13 electronlcs sectlon 30 to create an ampllfled 51gnal to 1n1t1ate
14 transm1s51on of acoustic 81gnal 24 by array 50 1nto.water 2.

-15 The uncompllcated de31gn of buoy 1OA is the first of its -
16 klnd for translatlng in-air optlcal signals of a laser beam to
17 underwater acoustlc signals as well as for translatlng underwater
18 acoustlc signals for remote, optical reception of retro-reflected
19‘ laser signals. The standoff, bi-static sonar technique allows a
20 remete platform 8 of buoy system 10, be it a eurface ship or in-
21 air platform or land-based sonar station, to generate acoustic
22 sonar'signais at a distance from their controlling (tranSmitting)
23  platform. The aceustic illumination of the underwater ebjectsncan
24 then be deteeted-and analyzed at host platform 8 and used.to |
25

localize the position of submerqed or buried platforms and
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objects The active transmissions may also be'used to deliver in-
air optlcal signals to underwater sonar communication 51gna1s

| In the actlve mode, buoy system 10 allows the use of low
power, information carrying lasers on platforms 8 instead of high
powered lasers, for opto-aconstic transmission. Since lower
powered lasers can be used to trigger buoy 10A to generate
underwater acoustic signals 24, the need for high energy lasers

is eliminated which is an order of magnitude improvement over

- thermo-acoustic physic systems of the prior art for generation of

underwater sound. Another advantage over thermo-acoustic systems
is that-buoy system 10 of the invention'avoids stringent optical
focnsing restrictions for gathering data and.tne limitations

associated with changing sea surface conditions;jConsequently,,a

larger selection of many different lasers can be’made in platform

8 of buoy system 10 including 10Wer'pOWer levels and different_

wavelengths of operation that can be used which are safer for the

eyes (pilot's concern) and that can reduce the size and weight of

18
19
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the laser systems on distant platforms 8. In.addition buoy system
10 can allow use of laser pulse modulation to eliminate the need
for hign pulse rate, high-pomer lasers in the infrared mayelength
region. Remote transmission of underwater acoustic signals
including communication signals and control s1gnals .are enabled
to allow communlcatlons and remote control of UUVs, UAVs, and‘

munitions. Buoy system 10 provides a covert countermeasure :

capability that also allows in-air covert operation (rather than

22




_overt RF signal transmission broadcasts) to control of underwater

2 .acoustic transmission. Buoy 10A of buoy system.lo_additibnally

3 gives an alternative means of generating a sonar signal fér |
4 underWater object illumination or for downlink underwater

5 communications to a submerged platform. Buoy 10A of buoy system
6 10 Can»deiiver bfoadband acbustié Signals‘of desired spectral

7 contents, aﬁplitudes, and phases and‘ié a.more'controllable‘

8 underwater soﬁnd source than 'Distant Thunder’ explosions;ﬂBuoy
'9 system 10 allows a remote host platform 8, (fitted with the.low-
10 power lasers), such aé a tower, surface ship or in-air plétforﬁ
11 to generate'acQustic‘sonar‘signals from a‘standoff position‘that
12 ' can be used to detect and localize the position-of
_13 ‘submerged/buriedlplaﬁformS‘and objecﬁs eitherjwith their own
14 'ship's soﬁar with an external LDV sensor.ABuoy.loA.bf buoy system
15 10 can provide an‘expiosive/éhemical payload deiivery system for

16 ‘smaft mine énd.counter miﬁe applications, can have a pfdpulsive

17 system ﬁo move it and possibly avoid boat traffic or detection,
18 can have adaptive buoyancy in order to raise ahd'lowerkit, and -
19 could have scuttling chargés that can be detonated after its
20 usefulness is over. In éddition buoy 10A could contain a ﬁain

21 charge having sufficient explosive power to inflict damage on an

22 adversary. The buoy system 10 could employ chemical and.electrqf
.23 magﬁetié‘sensiﬁg‘devices.as wéli és”fuel'célls to augmeht its
24 'capébilities.‘Additional smali explosive shapedvcharges could be
25 |

contained within the buoy.

23




- Buoy system 10 can provide a continuous reflective surface

for laser 1nterrogation ‘to detect underwater sound, even when it

2
3 is subjected to wave motion. Buoy system 10 also provides a
4 standoff, covert method to obtain underwater acoustic sonar
5 information, and a new level of efficient‘battle—space detection
6 and monitoring can be attained using the combination of several
7 buoys 10A and several‘remote platforms 8 in buoy system 10 having
8 - laser-based sensing (LVD) techniques that can include satellites,
9 1ighter—than5air craft, fixed/movable wing, manned/unmanned
10 aircraft etc Buoy sYstem 10 enhances the signal to.noise ratio
11 of aerial optical detection, and improves LDV sensor detection
12 sensitivity. Besides detecting ambient ocean noises, and marine
13 mammal sounds and shipping’noise,‘buoy_loA'may also be‘used for
14' detecting underwater vessels such as submarines or communications
15 ~ signals from;submarines or UUVs. The detected acoustic signals
16 will then be transferred to the upper, air-side portion‘of.buoy
17 systen 1vaor subsequent aerial detection by remote'platform 8.
18 Itlis understood that other sizes and configurationsiof bnoy
19 10A could be made in accordance with this invention to allow
20 - successful operation in different operational scenarios.
21 Irrespective of the exact shape of buoy 10A (including an
22 ,inflatable de51gn) it must provide an underwater'section‘for
23 'acoustic receptlon and transmission, an optically respons1re
24 section for translating detected optical signals into appropriate
25 buoy control.commands or for activation of the acoustic
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transmiésion signal} and an electronics section coupled to each
other sed#ions.for bi-directionally translating»between'the
acoustic and optical signals. Furthermore, optically retro-
reflective coating 80 on shell 12 that is in contact with air 5
can be interlaced with photo4detectors of'array 50 in different
orientations instead of the annular disposition as discuséedv
above to assure acceptable optical signal reception of laser
signals 6A and 7A. Retro-reflective coating 80 and fhe photo-
detector array 50 on upper portion 14 of buoy system 10 shoula be
made to be reéponsiVe to the wavelengths of laser radiation 6A
and 7A and can be tailored or modified to include many other
wavelengths of laser radiation so long as retrogréflective
coating 80'is_cépable of reflecting portions 7B of the_other

wavelengths of laser radiation. In this regard, optical laser

 signals 6A, 7A sent to buoy system 10 may contain either'the

exact waveform to be converted to a transmitted acoustic signal

24 or optical signals 6A, 7A may transfer coded signéls to be
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interpreted by optic-processing module 60 and control/memory/GPS
module 40 in buoy system 10 for designation of the signal
wavefofm‘and/or remote control of operation of buoy system 10.

Transducer array 20 can be different than shown and

described and'can be controlled to allow broadband acoustic

coverage, create beam patterns, and transmit acoustic. energy at

different power levels. Ballast chambers 18 may be selectively

flooded or purged to allow buoy system 10 to sink or rise to a
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desired depth and transmit different levels of acoustic energy‘

- into the water with a reduced, probability of cavitation to

remain covert.

Optionally, or in addition to the components.described
above, buoy 10A also can have an onboard laserl951with an optical
system 97 connected to optic processing_module 60. Optical'System>
97 suitably aims and aligns onboard laser 95 to emit an emitted
laser beam 96 to platform 8 to transmit data and/or_other
information and control signals from buoy 10A to platform‘B. For
example,-optical system 97'for onboard laser 95 could have an
appropriately interconnected photo-cell arrangement_that senses
the direction where an interrogating beam from platform 8 is
coming from to point.onboard laser 95 in this direction during
emiseion of beam 96. This Capability provided by onboard laser‘95
can be used as a primary up-link to platform 8 or other
de31gnated receiving - station or could be used as a back -up for

the other aforedescribed components.
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One skilled in the art to which this invention applies could
make such changes without departing from the scope‘of this
invention herein described. Having this disclosure in mind;
modifications calling for selection of suitable components from
among many proven contemporary designs and compactly 1nterfa01ng
them in buoy system 10 can be readily done w1thout requiring

anything beyond ordinary skill.

26




10
11
12
13

14

The disclosed components and their arrangements as discldsed
herein all contribute to the novél‘feétures of this,inventioh.
Buoy system 10 as described herein provides a cost—efféctive
means of bidirectionélly’transferring information across the air-
water interface for long term reliable operation in harshﬁmarine
environments. Therefore, buoy syStem 10 as disclosed herein is
not to be construed as limiting, but rather, is intended to be_‘
demonstrativé of this‘inventive concept.

It will be understood that many additional changes iﬁ the
details, materiéls, steps and arrangement of parts, which have

been herein described and illustrated in order to ekplain the

nature of the invention, may bé made by those skilled in the art

within the principle and scope of the invention as expressed in

the appended claims.
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‘Attorney Docket No. 83723

BUOYANT DEVICE FOR BI-DIRECTIONAL ACOUSTO-OPTIC

SIGNAL TRANSFER ACROSS THE AIR-WATER INTERFACE

ABSTRACT OF THE DISCLOSURE

A buoy system bi—directionally communicates in-air and
underwater. A buoy having a shell to float on water has ah upper
portion in air and a lower portion in water. An arra? of acoustic
transdﬁcers which is disposed in the lower portion feceives |
acoustic signals and transmits acoustic signals. A dbme-shaped
retro-reflective coating on the upper portion is vibrated for
retro-reflecting imping#ng laser illumination asidata signals.in'
.air.‘An array of ﬁhoto—detectdrs on the upper portion aré
responsiVe to impinging laser control‘signais and/or signals

which may.bé transmitted as acoustic signals in water.
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